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We live in a fabricated world. Under human impact, the 
planet has been transformed to such a degree that 
geologists propose a new name for the age that begins with 
the Industrial Revolution: after the Pleistocene and the 
Holocene, the Anthropocene. Luis Fernandez-Galiano 
The course draws on systems ecology and the history 
and philosophy of technology to examine the complex 
task of environmental building design. Rethinking 
ecological design at the beginning of the twenty-first 
century means reconsidering the strong claims made 
about ecology and technology—utopian and 
dystopian—through the twentieth century, as the 
impacts of technology on eco-systems were 
encountered.  
The term ecology was first coined in the late 19th 
century to describe the complex role of the 
environment in the evolution of species, and has 
grown to become the branch of biology concerned 
with the organization and dynamics of the entire bio-
geosphere. Since the 1930s, the reach of ecological 
thinking has been extended dramatically by two 
developments, increased awareness of the 
environmental effect of human actions and the 
refinement of systems theory.  
Environmental building design is a process of 
discovery, of deciding what to work on, before it ever 
becomes a matter of design. The course begins with 
urban self-organization, using cities to explore the 
principles of systems ecology, developed by HT 
Odum and his colleagues. Considering the theories of 
self-organization, natural selection, maximum power, 
and energy transformation hierarchies will provide a 
scientific basis for the examination of energy and 
resource flows in buildings. The next section applies 
those concepts to buildings as shelters, and the final 
section to the products and processes that occupy 

buildings, from working, eating, sleeping, playing, and 
so on. Course work will include weekly readings, in-
class exercises, and a project in 3 stages. Weekly 
class meetings will be divided between lectures, 
discussion, exercises, and student presentations. 
The class will be taught in person with provisions for 
online access for students who are delayed or in 
quarantine. See Canvas.upenn.edu for more details. 
Grading and Evaluation. Attendance at all class 
meetings is mandatory. Multiple unexcused absences 
will lead to a reduction in grade or failure. Please 
notify the instructor in advance if you know that you 
will not attend class for any reason. No texting or 
email during class sessions and laptops are only to 
be used for course work. Evaluation of the work will 
be based on school grading policy, specifically 20% 
for participation, discussions, and in-class exercises, 
30% for part 1 of the project, 30% for part 2, and 20% 
for part 3. 
Students are expected to be independently familiar 
with the Code of Academic Integrity 
(www.upenn.edu/academicintegrity/ai_codeofacadem
icintegrity). Violations of the Code are most serious 
and will be handled in a manner that fully represents 
the extent of the Code and that befits the seriousness 
of its violation. 
Required book: 
Braham, William W. 2015. Architecture and Systems 
Ecology: Thermodynamic Principles for 
Environmental Building Design. Routledge. 
Suggested books: 
Odum, Howard T. 2007. Environment, Power, and 
Society for the Twenty-First Century: The Hierarchy of 
Energy. New York: Columbia University Press. 
Meadows, Donella. 2008. Thinking in Systems: A 
Primer. White River Junction: Chelsea Green. 
Course materials are available at Canvas.UPenn.edu 
 
 
 
 
Instructor: Dr. William W. Braham, FAIA 
Office hours, apt. by email 
or brahamw@design.upenn.edu  

mailto:brahamw@upenn.edu
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Weekly readings and exercises are explained in more detail in Canvas.upenn.edu. The “>” indicates a required reading. 

 
 
 

Topic | Readings In Class Project T,8:30-11:30

1 Ecology, Technology, Design W1: Pick a City 8/29/2023

[1] Site: Urban Land W1: What is an Environmental Building?
Design Energy Code: ASHRAE Standard 90.1
Building Energy Rating: Energy Star
Environment: USGBC LEED
Climate: Architecture 2030
Design: Passive House
Ecology: Living Building Challenge
Philadelphia Climate Action Playbook

2 Thermodynamics and Urban Self-Organization W2: Urban Assets and Resource Flows 9/5/2023

> Johnson, 2001, Emergence
> Schelling Model: Parable of Polygons

Doxiadis, "Ekistics, …Human Settlements."

3 Land and Location W3: Urban Location and Self-Organization 9/12/2023

> Braham, "Spatial concentration of urban assets"
> Meadows, Systems Lens & Systems Basics, 1-34

Brown, "Areal Empower Density"

4 Urban Transitions W4: Renewable City 9/19/2023

> Abel, "Emergy, Sociocultural Hierarchy, and Cultural Evolution"
> Meadows et al, "Overshoot"

Braham, "Visualizing a Change of Energy Regimes"
Braham et al, "The New Chautauqua Game"

5 Cities, Regions, Economies W5: Diagram City-Region 9/26/2023

> Ascione, "Environmental driving forces of urban growth"
> Law of Rent

Odum, "Energy Systems Diagramming" Modeling
Brown et al, "Emergy Synthesis"

6 Site: Discuss city diagrams W6: BioClimatic Simulation - Exercise 10/3/2023

Shelter: What do Buildings Do?
[2] Shelter: House

7 Bioclimatic Design W7: BioClimatic Simulation - Project 10/10/2023

> Fernandez-Galiano, "Architecture Discovers Fire"
> Banham, "Environmental Management"

Braham, ASE, 61-67

8 Construction, Materials, and Products W8: How much does your house weigh? 10/17/2023

> Odum, "Material Circulation… Building Construction"
> Brand, "Shearing Layers"
> SLA, "Changing Speeds" 

Braham, ASE, 70-80
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Course guide and schedule may be subject to change 
  

9 Concentrated Power & Hierachy of Flows W9: House Diagrams, Concentrated Energy 10/24/2023

> McCullough, "To Island," Downtime on the Microgrid
> Odum, EPS7,  "Empower Basis for Society"

Lambert & Hall, ËROI & Quality of Life"
Smil, "Power Density Primer"
MacKay, "Sustainable Energy," 22-112, 140-156
Braham, ASE, 139-153

10 Shelter Project Review - Discussion W10: Activitiy Selection Exercise 10/31/2023

[3] Setting: Activities
Braham,  Benghi, “Varieties of building E[m]ergy Intensity.”

11 Setting: Material Flows and Waste W11: House Diagrams, Water, Waste, and Stuff 11/7/2023

> McDonough, "Waste equals Food"
> Buenfil, Emergy Evaluation of Water, 1-17

Buenfil, "Results," Emergy Evaluation of Water, 78-129
Illich, "Fertile Night Soil of Paris"
Braham, ASE, 125-139
Braham, ASE, 99-118

12 Setting: Information and Currency W12: Activity Diagrams 11/14/2023

> Daly, "Fundamental Vision" Ch. 2, 4
> Bataille, "General Economy"

Braham, ASE, 147-152
Braham, Introduction, Rethinking Technology

13 No Class: Thanksgiving Shift 11/21/2023

14 Design in Complex, Self-Organizing Systems W14: Activity Interventions 11/28/2023

> Meadows et al, "Leverage Points"
> Braham, Temptations of Survivalism

Hardin, Tragedy of the Commons
Meadows et al, "Dynamics of Growth"

15 Final Presentation & Discussion 12/5/2023

Final Submission TBD



ARCH 751 Ecology, Technology, & Design 

University of Pennsylvania     Weitzman School of Design     Department of Architecture  Fall 2023: T 8:30-11:30 Meyh B4 

 

 
Bibliography of references mentioned in the course 

Cultural Evolution 
Abel, Tom and J. R. Stepp. 2003. "A New Ecosystems 

Ecology for Anthropology."  Conservation Ecology 
7(2003): 12. 

Abel, Tom. 2007. "“Emergy, Sociocultural Hierarchy, and 
Cultural Evolution.”."  EMERGY SYNTHESIS 4: Theory 
and Applications of the Emergy Methodology. 
Proceedings, Fourth Biennial Emergy Conference, 
Gainesville, Florida, 2007. 

Abel, Tom. 1998. "Complex Adaptive Systems, 
Evolutionism, and Ecology within Anthropology: 
Interdisciplinary Research for Understanding Cultural 
and Ecological Dynamics."  Georgia Journal of 
Ecological Anthropology 2 (1998). 

Abel, Thomas. 2004. "Systems diagrams for visualizing 
macroeconomics." Ecological Modelling 178 (1–2):189-
194.  

Abel, Tom and J. R. Stepp. 2003. "A New Ecosystems 
Ecology for Anthropology."  Conservation Ecology 
7(2003): 12. 

Johnson, Alan W., and Timothy  Earle. 2000. The Evolution 
of Human Societies: From Foraging Group to Agrarian 
State. 2nd ed. Stanford: Stanford University Press. 

Ostwald, Wilhelm. “The Modern Theory of Energetics.” The 
Monist 17 (1907): 481-515. 

Steward, J.H. Theory of Culture Change: The Methodology 
of Multilinear Evolution. Urbana: University of Illinois 
Press, 1955. 

Ecological Design 
Benyus, Janine M.  Biomimicry: Innovation Inspired by 

Nature. New York: Harper Collins, 2002. 
Bramwell, Anna. Ecology in the 20th Century: A History. 

New Haven: Yale University Press, 1989. 
Campbell, Margaret. What Tuberculosis did for Modernism: 

The Influence of a Curative Environment on Modernist 

Design and Architecture. Medical History, 2005, 49: 
463–488 

Doxiadis, Constantinos A.  “Ekistics, the Science of Human 
Settlements.” Science 170 (October, 1970): 393-404. 

Fisk, Pliny, III. Towards a Theory and Practice of 
Sustainable Design. American Institute of Architects, 
Boston, Mass. June 21, 1992 

Fraker, Harrison. 2013. The hidden potential of sustainable 
neighborhoods : lessons from low-carbon communities. 
Washington: Island Press. 

Hinte, Ed van, et al. Smart Architecture. Rotterdam: 010 
Publishers, 2003. 

Jankovic, Ljubomir. 2012. Designing Zero Carbon Buildings 
Using Dynamic Simulation Methods. New York: 
Routledge. 

Kellert, Stephen R. R. Building for Life: Designing and 
Understanding the Human-Nature Connection Island 
Press, 2005 

Kibert, Charles J., Jan Sendzimir, G. Bradley Guy, eds. 
Construction Ecology: Nature as a Basis for Green 
Buildings. London and New York: Spon Press, 2002. 

Kibert, Charles J. 2012. Sustainable construction : green 
building design and delivery. 3rd ed. Hoboken, N.J.: 
John Wiley & Sons. 

Kiesler, Frederick. “On Correalism and Biotechnique: A 
Definition and Test of a New Approach to Building 
Design.” The Architectural Record (September, 1939): 
60-75. 

Knowles, Ralph L. Energy and Form: An Ecological 
Approach to Urban Growth. Cambridge, Mass., MIT 
Press, 1974. 

Mau, Bruce. Massive change. London ; New York : 
Phaidon, 2004. 

McDonough, William and Michael Braungart. Cradle to 
Cradle: Remaking the way we make things. North Point 
Press, NY: 2002. 



ARCH 751 Ecology, Technology, & Design 

University of Pennsylvania     Weitzman School of Design     Department of Architecture  Fall 2023: T 8:30-11:30 Meyh B4 

McHarg, Ian L. Design with Nature. Garden City: 
Doubleday/Natural History Press, 1971. 

Neutra, Richard. Survival Through Design. New York: 
Oxford University Press, 1954. 

Olgyay, Aladar and Victor Olgyay. Solar Control and 
Shading Devices.  Princeton: Princeton University 
Press, 1957. 

Olgyay, Victor. Design with Climate: Bioclimatic approach 
to architectural regionalism. Princeton: Princeton 
University Press, 1963. 

Orr, David W. Nature of Design: Ecology, Culture and 
Human Intention. Oxford University Press, 2002. 

Papanek, Victor J The Green Imperative: Natural Design 
for the Real World. Thames & Hudson, 1995. 

Papanek, Victor J. Design for the real world : human 
ecology and social change, 2nd ed. New York: Van 
Nostrand Reinhold,1984. 

Steele, James. Ecological Architecture: A Critical History. 
London: Thames and Hudson, 2005 

Stein, Richard G. Architecture and Energy New York: 
Anchor Press /  Doubleday, 1977 

Thackara, John. In the Bubble: Designing in a Complex 
World. Cambridge, Mass. : MIT Press, 2005 

Thompson, D'arcy Wentworth. On Growth and Form. 
Abridged. Cambridge: Cambridge University Press, 
1961. 

Torres Moskovitz, Julie. 2013. The greenest home : 
superinsulated and passive house design. New York: 
Princeton Architectural Press. 

Van der Ryn, Sim and Stuart Cowen. Ecological Design. 
Washington, DC: Island Press, 2005. 

Wigginton, Michael. 2002. Intelligent Skins. Oxford; Boston: 
Butterworth-Heinemann. 

Yeang, Ken. The Green Skyscraper: The basis for 
designing sustainable intensive buildings. New York: 
Prestel, 1999. 

Yudelson, Jerry, and Ulf Meyer. 2013. The world's greenest 
buildings : promise versus performance in sustainable 
design. Abingdon, Oxon ; New York: Routledge. 

Ecology and Environment 
Agenda 21, the  Rio Declaration on Environment and 

Development, 1992.  
Bettencourt, Luis  & West,  Geoffrey. “A Unified Theory of 

Urban Living.” Nature, 467, October 21, 2010. 
Bruntland, G, ed. Our Common Future: The World 

Commission on Environment and Development. 
Oxford: Oxford University Press, 1987. 

Callenbach, Ernest. Ecotopia: The Notebooks and Reports 
of William Weston. New York: Bantam Books, 1977. 

Cole, H. S. D. Editor.  Models of doom; a critique of The 
limits to growth. With a reply by the authors of The 
limits to growth. New York: Universe Books, 1973. 

Daly, Herman E. & Joshua Farley. Ecological Economics: 
Principles and Applications, Second Edition.  New 
York: Island Press, 2010. 

Dennis L. Meadows et al. The Limits to Growth: a report for 
the Club of Rome's project on the predicament of 
mankind. Universe Books, New York, 1972. 

Diamond, Jared. Collapse: How Societies Choose to Fail or 
Succeed. New York: Viking, 2004. 

Diamond, Jared. Guns, Germs, and Steel: The Fates of 
Human Societies. New York: W. W. Norton & 
Company, 1997. 

Forrester, Jay Wright. Industrial Dynamics. Cambridge, 
MA: MIT Press, 1961.  

Forrester, Jay Wright. World dynamics. Cambridge, Mass.: 
Wright-Allen Press, 1971. 

Hardin, Garret. "The Tragedy of the Commons," Science, 
162 (1968): 1243-1248. 

Hawken, Paul; Amory Lovins; and L. Hunter Lovins.  
Natural Capitalism: Creating the Next Industrial 
Revolution (www.natcap.org). Boston: Little, Brown, 
1999. 

Holling, C. S.  “From Complex Regions to Complex 
Worlds.” Ecology and Society 9, 1 (2004): 11. [online] 
URL: http://www.ecologyandsociety.org/vol9/iss1/art11 

Irving Fisher: Out of Keynes's shadow: Today’s crisis has 
given new relevance to the ideas of another great 
economist of the Depression era. The Economist (Feb 
12, 2009). 

Jorgensen, Sven Erik.  Integration of ecosystem theories : 
a pattern, 3rd edition Dordrecht ; Boston : Kluwer 
Academic Publishers, c2002. 

Kay, James J. “On Complexity Theory, Exergy, and 
Industrial Ecology.” Construction Ecology: Nature as a 
Basis for Green Buildings. Ed by C. J. Kibert et al. 
London and New York: Spon Press, 2002. 

Kellert, S. & E. O. Wilson, Eds. The Biophilia Hypothesis. 
Washington, DC: Shearwater/Island Press, 1993. 

Kyoto Protocol to the United Nations Framework 
Convention on Climate Change. United Nations, 1997. 

Leopold, Aldo. “A Land Ethic.” Sand County Almanac. 1949 
Lomborg, Bjørn. The skeptical environmentalist : 

measuring the real state of the world Cambridge ; New 
York : Cambridge University Press, c2001. 

Lotka, Alfred J. “Contribution to the Energetics of 
Evolution.” Proceedings of the National Academy of 
Sciences, 8 (Jun. 15, 1922), pp. 147-151. 

Lotka, Alfred J. “Natural Selection as a Physical Principle.” 
Proceedings of the National Academy of Sciences of 
the United States of America, 8 (Jun. 15, 1922), pp. 
151-154. 

MacKay, David J.C.  Sustainable Energy — without the hot 
air. Cambridge, England: UIT, 2009. 

McCullough, Malcolm. Downtime on the Microgrid. MIT 
Press, 2020 

Meadows, Donella H., Jorgen Randers, and Dennis L. 
Meadows. Limits to Growth: The 30-Year Update.  
White River Junction, Vt: Chelsea Green; 3 edition, 
2004." 



ARCH 751 Ecology, Technology, & Design 

University of Pennsylvania     Weitzman School of Design     Department of Architecture  Fall 2023: T 8:30-11:30 Meyh B4 

Meadows, Donella. Thinking in Systems: A Primer. White 
River Junction, VT: Chelsea Green Publishing, 2008. 

Odum, Eugene Pleasants. Fundamentals of ecology. 3rd 
Ed. Philadelphia: Saunders, 1971. 

Odum, Howard T.  and Elisabeth C. Odum. A Prosperous 
Way Down: Principles and Policies. Boulder: University 
Press of Colorado, 2001. 

Office for Metropolitan Architecture. Roadmap 2050: A 
practical guide to a prosperous, low carbon Europe. 
Graphic Narrative. European Climate Foundation. 
www.roadmap2050.eu. 

Princen, Thomas. The Logic of Sufficiency. Cambridge: 
MIT Press, 2005 

Raskin, Paul D., Electris, Christi and Rosen,  Richard A.  
"The Century Ahead: Searching for Sustainability." 
Sustainability 2010, 2, 2626-2651. 

Sachs, Wolfgang. Planet Dialectics: Explorations in 
environment and development. New York: Zed Books, 
1999. 

Smil, Vaclav. Energy in Nature and Society: General 
Energetics of Complex Systems. MIT Press, 2008. 

Tellus Institute. “For A Great Transition: Taxonomy of the 
Future.” www.tellus.org/programs/taxonomy. 

Totman, Conrad D. The Green Archipelago: Forestry in 
Preindustrial Japan. Berkeley: University of California 
Press, 1989. 

Ulanowicz, Robert E. “Life after Newton: an ecological 
metaphysic.” BioSystems 50 (1999): 127–142. 

Ulanowicz, Robert E. Ecology: The Ascendent Perspective. 
New York: Columbia University Press, 1997. 

E[m]ergy 
Adams, R. N.  The Eighth Day: Social Evolution as the 

Self-Organization of Energy.  University of Texas 
Press, Austin, Texas.1988. 

Brown, M.T. and S. Ulgiati. “Emergy-based indices and 
ratios to evaluate sustainability: monitoring economies 
and technology toward environmentally sound 
innovation.” Ecological Engineering 9 (1997): 51-69. 

Brown, M.T. and Vorasun Buranakarn. “Emergy indices 
and ratios for sustainable material cycles and recycle 
options.” Resources, Conservation and Recycling 38 
(2003): 1-22. 

Buenfil, A. Emergy Evaluation of Water. Unpublished PhD 
Dissertation, University of Florida, 1998. 

Buranakarn, Vorasun. Emergy indices and ratios for 
sustainable material cycles and recycle options. 
Evaluation of Recyclin and Reuse of Building Materials 
using the Emergy Analysis Method. Unpublished PhD 
Dissertation, University of Florida, 1998. 

Emergy Systems.  
http://www.emergysystems.org/index.php 

Hall, Charles A.S., editor. Maximum Power: The ideas and 
applications of H.T. Odum. Niwot, CO: University Press 
of Colorado, 1995. 

Herendeen, Robert A.  “Energy analysis and EMERGY 
analysis—a comparison.” Ecological Modelling 178 
(2004): 227–237." 

http://emergydatabase.org/  
http://prosperouswaydown.com/  
Meillaud, F., J.-B. Gay and M.T. Brown. Evaluation of a 

Building using the Emergy Method. Solar Energy 79 
(2005): 204–212. 

National Environmental Database.  
http://sahel.ees.ufl.edu/frame_database_resources_tes
t.php?search_type=basic 

Odum, H. T. “Material Circulation, Energy Hierarchy, and 
Building Construction.” Construction Ecology: Nature 
as a Basis for Green Buildings. Ed by C. J. Kibert et al. 
London and New York: Spon Press, 2002. 

Odum, Howard T. Environment, Power, and Society for the 
Twenty-First Century: The Hierarchy of Energy. New 
York: Columbia University Press, 2007. 

Odum, Howard T. Environmental Accounting: EMERGY 
and Environmental Decision Making. New York: Wiley, 
1996. 

Odum, Howard T. Systems Ecology: An Introduction. New 
York: Wiley, 1983. 

Pulselli, R.M., E. Simoncini, F.M. Pulselli, S. Bastianoni. 
Emergy analysis of building manufacturing, 
maintenance and use: Em-building indices to evaluate 
housing sustainability. Energy and Buildings 39 (2007) 
620–628. 

Siracusa, G. and A.D. La Rosa “Design of a constructed 
wetland for wastewater treatment in a Sicilian town and 
environmental evaluation using the emergy analysis.” 
Ecological Modelling 197 (2006): 490–497. 

Tilley, David Rogers.  Howard T. Odum’s contribution to 
the laws of energy. Ecological Modelling 178 (2004) 
121–125. 

Wang, Lingmei, and Jintun Zhang, Weidou Ni. Emergy 
evaluation of Eco-Industrial Park with Power Plant. 
Ecological Modelling 189 (2005): 233–240. 

Environmental Conditioning 
Ackermann, Marsha E.   Cool Comfort: America's 

Romance with Air-Conditioning. Washington, DC: 
Smithsonian Institution Press, 2002. 

American Society of Heating, Refrigeration and Air-
conditioning Engineers (ASHRAE). ASHRAE Hand 
book - Fundamentals (Inch-Pound). Atlanta: ASHRAE, 
2009. 

Baird, George. The Architectural Expression of 
Environmental Control Systems. London and New 
York: Spon Press, 2001. 

Banham, Reyner. “A Home is Not a House.” Art in America, 
2 (April, 1965): 70-79.  

Banham, Reyner. The Architecture of the Well-Tempered 
Environment. 2nd Edition. Chicago: The University of 
Chicago Press, 1984. 



ARCH 751 Ecology, Technology, & Design 

University of Pennsylvania     Weitzman School of Design     Department of Architecture  Fall 2023: T 8:30-11:30 Meyh B4 

Burt Hill Kosar Rittelmann Associates, Min Kantrowitz 
Associates. Commercial building design : integrating 
climate, comfort, and cost. New York: Van Nostrand 
Reinhold, 1987. 

Cooper, Gail. Air-Conditioning America: Engineers and the 
Controlled Environment, 1900-1960. Baltimore, MD: 
Johns Hopkins Press, 1998. 

Fernández-Galliano, Luis. Fire and Memory: On 
Architecture and Energy. MIT Press, 2000. 

Fitch, James Marston. American Building: The 
Environmental Forces That Shaped It. 2nd Ed. New 
York: Schoecken Books, 1975. 

Hawkes, Dean and Wayne Forster. Energy efficient 
buildings: architecture, engineering, and environment 
New York: W.W. Norton & Co., 2002. 

Hawkes, Dean, Jane McDonald, and Koen Steemers. The 
Selective Environment: An Approach to 
Environmentally Responsive Architecture. New York: 
Spon Press, 2002. 

Hawkes, Dean. The environmental tradition: studies in the 
architecture of environment. London: E & FN Spon; 
New York: Chapman & Hall, 1996. 

Konzo, Seichi. The quiet indoor revolution. Champaign, Ill. : 
University of Illinois, College of Fine and Applied Arts, 
1992. 

Kwok, Alison G. and Grondzik, Walter. Green Studio 
Handbook: Environmental Strategies for Schematic 
Design. 2nd Edition. Elsevier Science & Technology 
Books, 2011. 

Oldfield, Philip, Dario Trabucco & Antony Wood “Five 
energy generations of tall buildings: an historical 
analysis of energy consumption in high-rise buildings.” 
The Journal of Architecture 14:5 (2009): 591-613. 

Ternoey, Steven, et al. The Design of Energy Responsive 
Commercial Buildings. Solar Energy Research Institute 
(SERI). New York: Wiley-Interscience, 1985. 

Vassigh, Shahin, Jason R. Chandler, and Lachs. 2011. 
Building systems integration for enhanced 
environmental performance. Ft. Lauderdale, FL: J. 
Ross Pub. 

Yudelson, J. and U. Meyer, The World’s Greenest 
Buildings: Promise versus Performance in Sustainable 
Design, 2013. 

History and Philosophy of Technology 
Achterhuis, Hans. Ed. American Philosophy of Technology: 

The Empirical Turn. Bloomington: Indiana University 
Press, 2001. 

Bijker, Wiebe E.; Trevor Pinch; and Thomas P. Hughes, 
eds.,  The Social Construction of Technological 
Systems: New Directions in the Sociology and History 
of Technology Cambridge, Mass., 1987. 

Butler, Samuel. Erewhon. (1872) London: A. C. Fifield, 
1915.  

DeLanda, Manuel. A Thousand Years of Non-Linear 
History. New York: Swerve Editions, 1997. 

Edgerton, David. Shock of the Old: Technology and Global 
History Since 1900. Oxford, 2007. 

Giedion, Siegfried. Mechanization Takes Command: A 
Contribution to Anonymous History. New York: W.W. 
Norton, 1948. 

Hughes, Thomas Parke. Networks of power : electrification 
in Western society, 1880-1930. Johns Hopkins 
University Press. 1983  

Johnson, Steven. Where Good Ideas Come From: The 
Natural History of Innovation. NY: Riverhead, 2010. 

Kevin Kelly,  What Technology Wants. NY: Viking, 2010. 
Nye, David E.  Technology Matters: Questions to live with. 

Cambridge: MIT Press, 2006. 
Owen, David. “The Efficiency Dilemma: If our machines 

use less energy, will we just use them more?” New 
Yorker, December 20, 2010, p. 78. 

Steadman, Philip. The Evolution of Designs: Biological 
analogy in architecture and the applied arts. Revised 
Edition. Routledge, 2008. 

Systems Theory and Complexity 
Bertalanffy, L. von. Perspectives on General Systems 

Theory: Scientific Philosophical Studies. New York: 
Braziller, 1975 

Johnson, Steven. Emergence: The Connected Lives of 
Ants, Brains, Cities, and Software. New York: Scribner, 
2001. 

Kauffman, Stuart. The Origins of Order: order: self-
organization and selection in evolution. Oxford 
University Press, 1993. 

Kelly, Kevin. Out of Control: The New Biology of Machines, 
Social Systems and the Economic World. Reading, 
MA: Perseus Press, 1995. 

Rogers, Everett M. Diffusion of Innovations, 4th Ed. New 
York: Free Press, 1995. 

Simon, Herbert. The Sciences of the Artificial, 3rd ed. The 
MIT Press, 1996. 

Wiener, Norbert. Cybernetics: Control and Communication 
in the Animal and the Machine. Cambridge: 
Technology Press; New York: John Wiley; Paris: 
Hermann, 1948. 

Water 
Galishoff, Stuart. “Triumph and Failure: The American 

Response to the Urban Water Supply Problem, 1860-
1923.” Pollution and Reform in American Cities, 1870-
1930.  Edited by Martin V. Melosi. Austin: University of 
Texas Press, 1980. 

Goubert, Jean-Pierre. The Conquest of Water: The Advent 
of Health in the Industrial Age. Princeton: Princeton 
University Press, 1989. 

Illich, Ivan. H2O and the Waters of Forgetfulness: 
Reflections on the Historicity of "Stuff". Berkeley: 
Heyday Books, 1985. 

Lupton, Ellen, and J. Abbot Miller. The Bathroom and 
Kitchen and the Aesthetics of Waste: A Process of 



ARCH 751 Ecology, Technology, & Design 

University of Pennsylvania     Weitzman School of Design     Department of Architecture  Fall 2023: T 8:30-11:30 Meyh B4 

Elimination. Princeton: Princeton Architectural Press, 
1992. 

Reynolds, Reginald. Cleanliness and Godliness or The 
Further Metamorphosis. A Discussion of the Problems 
of Sanitation raised by Sir John Harington... Garden 
City: Doubleday and Company, 1946. 

Van der Ryn, Sim.  The toilet papers: designs to recycle 
human waste and water: dry toilets, greywater systems 
& urban sewage. Santa Barbara: Capra Press, 1978.  

Vigarello, Georges. Concepts of Cleanliness: Changing 
Attitudes in France Since the Middle Ages. Translation 
of Le Propre et le Sale l'hygiene du corps depuis le 
Moyen Age, 1985. Translated by Jean Birrell. 
Cambridge: Cambridge University Press, 1988. 

Wright, Lawrence. Clean and Decent: The History of the 
Bathroom. London: Routledge & Kegan Paul, 1960. 

 


	Cultural Evolution
	Ecological Design
	Ecology and Environment
	E[m]ergy
	Environmental Conditioning
	History and Philosophy of Technology
	Systems Theory and Complexity
	Water

